Abstract The SRS-22 questionnaire is specifically designed for the assessment of quality of life in spinal deformity patients. This study is the first to use it to assess the quality of life of adolescent idiopathic scoliosis patients under brace treatment and compares the results with an observational group matched by age and curve magnitude. Forty-six patients were enrolled into each group. Overall, it was found that patients under observation had a significantly better quality of life than braced patients. Specifically, the domains for function/activity and self-image were most affected. This effect was most apparent in those with a curve magnitude of under 20°. The scores did not improve significantly with the duration of brace wear, suggesting little adaptation. This study has implications for treatment, and more attention will need to be given to those with mild but progressive curves to help improve patients' understanding of their treatment and hence their compliance and satisfaction.
Introduction
Bracing is the most common form of treatment for scoliosis with curves between 25°and 40° [11] . However, the effectiveness of bracing is still controversial. Several studies have questioned the effectiveness of bracing in patients with adolescent idiopathic scoliosis [6, 9, 10] . Most of these were long-term follow-up studies assessing the effectiveness of bracing in terms of curve progression on radiographs; however, very few of them used lifestyle questionnaires as a method of assessment [3, 7, 16] . However, this is of importance as it may have a significant impact on compliance and therefore the success of brace treatment.
The full effect of formal full-time brace use on the physical, psychological and social health of adolescent patients is controversial. A study looking at the Milwaukee brace, which has a poor external appearance, found that after the initial shock of learning about the condition and its treatment, the psychological, social and lifestyle effects on the patients were minimal [7] . Other studies suggested that bracing had a psychological impact, causing low selfesteem and a more negative self-image, but no psychopathological changes in the long term [4, 12] . On the other hand, there are studies claiming that bracing did not have a negative impact on body image [13, 14, 16] . Differences may result from the type of brace used, as well as differences in culture and the attitudes of patients.
Until recently, there has been no standardised outcome assessment questionnaire on patients' perceived outcome for the treatment of adolescent idiopathic scoliosis (AIS). The original Scoliosis Research Society (SRS) healthrelated quality-of-life outcome assessment tool was developed by Haher et al. to provide a simple, practical, disease-specific, assessment for patients with idiopathic scoliosis [8] . It consists of seven domains and was modified into the SRS (mSRS) quality-of-life questionnaire for better score distribution, internal consistency and concurrent validity in comparison to Short Form 36 (SF-36), which is another generic measure of patient's health and well being. The final version of the SRS-22 health-related quality-oflife questionnaire was produced by Asher et al. after two further modifications to the mSRS [2] .
The purpose of this cross-sectional study was to determine the effect of bracing on the quality of life of patients with adolescent idiopathic scoliosis using the SRS-22 outcome assessment tool. Specifically, we were interested in determining whether patients treated by bracing had any differences in quality-of-life scores compared with a group matched for age and curve magnitude, but treated by observation alone, and the effect of curve magnitude, duration of bracing and age on the bracing outcome.
Materials and methods
All patients attending the scoliosis out-patient clinic at the author's institution were routinely asked to fill in a SRS-22 questionnaire at every visit. We retrospectively identified patients with a diagnosis of adolescent idiopathic scoliosis that had progressive curves and were undergoing brace treatment. These were then matched to a group of patients of a similar age and curve magnitude, but who had nonprogressive curves and were under observation only. Additional information on intervention duration and curve magnitude was recorded.
Patients wore a custom-made rigid underarm brace that was molded by an experienced orthotist using a Risser table. All patients were asked to wear the brace for a minimum of 20 h, and marks were made on the straps of the brace to ensure that they applied the correct pressure. Those that were found to be non-compliant to bracing were excluded from the study.
The mean score from each domain was calculated as recommended by the Scoliosis Research Society. One sample t-test was used to compare the mean scores of the five domains of braced patients with non-braced patients under observation alone. The mean scores of braced patients and patients under observation were also compared with respect to the severity of scoliosis (different Cobb angle groups). The effect of bracing with the time in the brace was observed to see if there was any impact of bracing.
Results

Comparison between braced and observation group
A total of 46 patients who had progressive curves and were braced were identified. There were 6 males and 40 females, with a mean age of 16 years (range 11 to 20 years). Their mean Cobb angle measurement was 28.8°(±9.97, ranging from 10 to 50°). This was matched by age and curve magnitude to another group of 46 patients that were under observation only. There were 10 males and 36 females, with a mean age of 18 (ranging from 12 to 22). The average Cobb angle size was 28.8°(±9.97, ranging from 10 to 50°).
The overall score for the braced group was significantly lower than that of the observation group (see Table 1 ). This is mainly due to a difference in their function/activity score and their self-image score, thus suggesting that patients that were braced had a poorer self-image and reduced activity level. Comparison between braced and observation group with respect to curve magnitude There were 9 patients with Cobb angles less than 20°in the braced group and 9 patients in the observation group, 20 patients with Cobb angles between 20 and 30°in the braced group and 20 patients in the observation group, 10 patients with Cobb angles between 30 and 40°in the braced group and 10 patients in the observation group and 7 patients with Cobb angles more than 40°in the braced group and 7 patients in the observation group. Overall, the biggest difference between bracing and observation was found in those with less than a 20°curve. The total score and three of the five domain scores showed significant differences (see Table 2 ), while for curves of over 20°, no significant trend in differences could be identified. This suggests that for mild but progressive curves (under 20°), patients had the most difficulty accepting the brace and had the most problems with their daily function/activity, pain and self-image (P<0.05).
Effect of bracing with time in brace
The average time in braces for the 46 patients that were braced was 2.3 years, ranging from 1/2 to 6 years. As shown in Table 3 , there was a positive correlation of function/activity and pain with time, and a negative correlation of self-image, mental health, satisfaction and total score with time. These suggest that function/activity improved with time in the brace, but image/appearance decreased with time in the brace. However, this correlation was not strong.
Effect of SRS-22 score with age in patients under observation
The group of patients under observation was examined to see if the SRS-22 scores were affected by patients' age (see Table 4 ). Overall, there was a negative correlation, suggesting that older patients with even mild to moderate curves were becoming increasingly unhappy with their scoliosis. Again, although there is a trend, the correlation is not strong.
Discussion
The SRS-22 questionnaire is a quality-of-life questionnaire developed to target adolescent and juvenile onset idiopathic scoliosis. It consists of five domains: function/activity (5 questions), pain (5 questions), self-image/appearance (5 questions), mental health (5 questions) and satisfaction with management (2 questions), making 22 questions in total. The SRS-22 standardises the quantification of an individual patient's views and comments in order to evaluate the results of treatment on a global basis. Each question from the SRS-22 consists of five options scored from 1 to 5. The higher the score, the more satisfied the patient is. The Cobb angles of braced patients were matched with patients under observation alone since it was shown that the Cobb angle was correlated with the SRS-22 outcome scores [19] . Overall, bracing has a significant impact on the quality of life of the patient. This is especially apparent for their daily function and self-image. Indeed, if one looks at the questions that were asked, this result can be expected.
Questions that were asked to assess function include: What is your current level of activity? What is your current level of work/school activity? Does your back limit your ability to do things around the house? Does your back condition limit your going out with friends/family?
Questions that were asked to assess self-image include: If you had to spend the rest of your life with your back shape as it is right now, how would you feel about it? How do you look in clothes? Which of the following best describes the appearance of your trunk, defined as the human body except for the head and extremities? Do you feel that your back condition affects your personal relationships? Do you feel attractive with your current back condition?
Thus, it can be inferred from these questions and scores that patients do not enjoy wearing the brace, although they accept the fact that they have scoliosis and therefore need treatment. Hence, despite their lack of enjoyment, they were satisfied with the treatment, and there was no significant difference in the satisfaction domain between the observed and brace groups.
With the stratification by curve magnitude, it would seem that those with curves of under 20°had the most problem with brace wearing. While it is unusual to start bracing for such a small curve, these patients had progressive curves on follow-up and were started on early bracing after discussion with the concerned family. This may be because these curves are cosmetically very acceptable, and therefore these patients have the most problems with understanding the need to wear a brace, thus impacting on their quality of life. This may have significant implications for brace compliance and therefore curve progression. Although these are not the subjects of the current study, patients that are most unhappy about their brace may also be the ones that are most likely not to wear the brace. Thus, special attention may be needed in this group of patients, or bracing should not be commenced until the curve is over 20°.
The effect of bracing on the quality of life of individuals has not been well studied, with some suggesting a negative impact, while others found no significant differences [5, [16] [17] [18] . This may be explained by the use of different kinds of braces, different bracing regimes and cultural differences in patients' ability to accept bracing. This study is based on the use of a tailor-made underarm brace (Boston brace), and a homogenous population, as such, the findings here may not be directly applicable to other ethnic groups or bracing regimes.
Interestingly, in both the braced group and the observation group, there seems to be a trend to a reduction of the quality of life with time. In the braced group (see Table 3 ), this may be explained by the fact that as the patients became older, they were more self-aware and had a higher demand for their social life, hence the reducing scores for self-image, mental health and satisfaction with bracing, while as they became more adapted to the brace, function and pain scores improved. On the other hand, for the observation group (see Table 4 ), as they became older, they also had higher expectations for their backs; hence, all domains have a reducing score, except for satisfaction, as they had not been treated.
The current study did not take into account the position or pattern of scoliosis as this was found not to be a significant factor in outcome, except for left thoracic curves, which are very rare [1, 15] .
Adolescence is a transitional period involving not only physical growth but also psychological instability. Treatment for idiopathic scoliosis often coincides with adolescence, which might further complicate the challenging period with the wearing of an externally visible brace. Therefore, more attention should be paid to the physical and psychosocial impact of bracing among adolescents, especially those with mild curves.
Conclusion
Despite the ongoing debate regarding the effectiveness of brace treatment on patients with adolescent idiopathic scoliosis, our results indicate that bracing had a greater negative impact on the quality of life, especially at a function or activity level in patients with mild curves. In patients with severe curves, bracing did not seem to have as great an effect on the quality of life. These results also demonstrate the utility of the SRS-22 questionnaire as a health-related quality of life questionnaire taking into account not only the physical health of the patient, but also the emotional and psychosocial factors previously overlooked in traditional outcome studies. Key points -Bracing has a negative impact on the quality of life of patients compared to patients under observation, especially in patients with mild curves. -Recommendation: attention should be paid to patients with mild curves, and perhaps they should be given counselling.
